The contents of the main components of the primary metabolism (soluble sugars, starch, proteins, oils, fatty acids) and minerals (P, Ca, Mg, K, Fe, Zn, Mn, Cu) were characterized in seeds of five Brazilian Amazon tree species (Andira parviflora, Bertholletia excelsa, Helicostylis tomentosa, Hymenaea parviflora, and Parkia pendula). Soluble sugar contents were high in P. pendula seeds (14 %), whereas starch predominated in A. parviflora seeds (58.7 %). A. parviflora and H. parviflora seeds were rich in proteins (35.1 % and 32.4 %, respectively). The oil contents ranged from 1.4 % in A. parviflora to 70.7 % in B. excelsa. Only B. excelsa and P. pendula seeds may be considered oilseeds, with 70.7 % and 28.4 % oil, respectively. The fatty acid compositions showed high proportions of unsaturated fatty acids, mainly oleic and linoleic acids, regardless of the species. B. excelsa and P. pendula also showed high amounts of P, Mg, K and Zn.
S H O R T C O M M U N I C A T I O N
Scientific information about the chemical compositions of tropical seeds may be important both conceptually, to understand the physiological process of seeds, and technically by providing more information for agro industry. They may also have an ecological significance, as a nutrient source for would-be predators and pathogens. Other studies have shown that some seeds could be used industrially as raw materials for paint formulation, based on the amounts and nature of their oils (Eromosele et al., 1998) . Therefore, economic use depends partly on the quantitative and qualitative aspects of their organic reserves, especially carbohydrates, proteins and lipids. This communication studies the organic and mineral composition of seeds from five Amazonian tree species.
Fruits of five Amazonian species (Andira parviflora / Leguminosae; Bertholletia excelsa / Lecythidaceae; Helicostylis tomentosa / Moraceae; Hymenaea parviflora / Leguminosae; Parkia pendula / Leguminosae) were randomly harvested from trees near Manaus (Amazonas, J.F.C. GONÇALVES et al.
Brazil) from November 2000 to July 2001 and processed to obtain their seeds. Seed sample sizes were determined according to the procedure recommended by the International Seed Testing Association (ISTA, 1998) . Seed reserve tissues were extracted from tegument-free seeds at the INPA Laboratory, dried (70 °C, 48 h), ground and then preserved at -20 o C until processing. Soluble sugars and starch were extracted with ethanol 95 % (v/v) and 30 % (v/v) perchloric acid, respectively (Passos, 1996a) . Both components were quantified by the phenol sulphuric acid method (Dubois et al., 1956 ) using glucose (Sigma) as a standard. Oil was extracted in a Soxhlet apparatus with petroleum ether (40 to 60 o C) for 24 h and concentrated in a rotary evaporator under gaseous nitrogen to remove the solvent. The extracted oil was determined and the seed oil contents expressed on a dry weight basis (AOAC, 1990) . Oil samples of each species were hydrolyzed with a 10 % methanol KOH (p/v) solution. They were then converted to their respective methyl-esters using diazomethane and identified by gas chromatography (HP 5890 S-II Plus) and mass spectrometry (HP 5989B C and 280 o C, respectively. Fatty acids were identified by comparison with standard fatty acid methyl esters (Sigma Chemical) and also compared with a mass spectrum of the wiley 275 -pc library (Hewlett Packard). Seeds were ground with pestle and mortar, and extracted in 80 % ethanol (20 ml.g -1 dry seeds, 10 min until boiling) (Passos, 1996b) . The pellet recovered after centrifugation (10,000 g n , 20
o C during 10 min) was extracted with 0.1 M NaOH and after a new centrugation, proteins were assayed in the supernatant according to Bradford (1976) , using bovine serum albumin (Sigma) as standard. Samples of storage tissue were digested with concentrated nitric and perchloric acid (1:1 v/v). Total P was determined calorimetrically by the molybdenum blue method (Murphy and Riley, 1965) and Cu 2+ were determined using an atomic absorption spectrophotometer (Perkin-Elmer/1100B, Germany). The results were submitted to analyses of variance and means were compared by the Tukey test (p < 0.05). P. pendula seeds presented the highest soluble sugar contents (14 %), with nearly 3.5 times as much soluble sugar than A. parviflora, B. excelsa and H. tomentosa seeds and 11.9 times more than H. parviflora seeds (table 1), whereas starch predominated in A. parviflora seeds (58.7 %). A. parviflora and H. parviflora seeds presented the highest protein contents (35.1 and 32.4 %, respectively), whereas B. excelsa, H. tomentosa and P. pendula seeds had protein contents ranging from 10.4 to 13.7 %. Oil contents of the five species ranged from 1.4 % to 70.7 %. However, only B. excelsa and P. pendula may be considered oilseeds, with 70.7 % and 28.4 %, respectively. Among the species included in this study, only B. excelsa seeds have been largely investigated. The high oil (70.7 %) and protein (15.7 %) contents of B. excelsa seeds are in agreement with previous reports (Adams, 1975; FAO, 1986) . On the other hand, B. excelsa seeds presented intermediary soluble sugar (3.6 %) and starch (4.4 %) contents. According to Wolff and Kwolek (1971) , low carbohydrate contents are expected in oilrich seeds. The protein contents in A. parviflora and H. parviflora seeds are similar to those observed in soybeans, peanuts and other legume crops, making such species good sources of protein. According to Carbonaro et al. (2000) , plant seeds represent a major source of dietary proteins, with amounts varying from 10 % (dry mass) in cereals to around 40 % in certain legumes and oilseeds. The oil content observed in P. pendula seeds (28.4 %) was three times greater than values reported by Lago et al. (1987) for two other Parkia species which also occur in the Brazilian Amazon. When compared to the oil content of African species, P. pendula was similar to that observed by Gunstone et al. (1972) for P. roxburghii (20 % oil). In this study, the H. parviflora oil content (8.2 %) was twice as high as the values observed for the same species in Singapore (Cornelius et al., 1970) . Unsaturated fatty acids predominated over saturated acids (table 2) , with high contents being observed in B. excelsa, A. parviflora and P. pendula seeds (75.2 and 74.2 % and 71.1 %, respectively). Palmitic acid (C 16:0 ) was the main saturated fatty acid identified, whereas oleic (C 18:1 ) and linoleic (C 18:2 ) were the most representative unsaturated fatty acids. Large amounts of unsaturated fatty acids have been observed in many species from the Brazilian Amazon (Lago et al., 1987) . In this study, P. pendula seeds contained approximately 71.1 % of unsaturated fatty acids, 61.2 % of which correspond to linoleic acid (table  2) . However, in two African Parkia species, P. biglobosa and P. bicolor, the predominance of saturated over unsaturated fatty acids was of nearly 90 % (Aiyelaagbe et al., 1996) . Fatty acid compositions of the Amazonian species (table 2), especially those of the C 18 series, agree with previous results (Adams, 1975) . The most abundant one was linoleic acid, representing 39.8, 47.3 and 61.2 % of the fatty acid composition of H. parviflora, H. tomentosa and P. pendula, respectively. Linoleic acid contents of B. excelsa and H. parviflora, however, are slightly lower than those previously reported (Assunção et al., 1984; Lago et al. 1987) . Fatty acid composition of the Parkia seeds is in agreement with the results of Lago et al. (1987) . Similar amounts of oleic and linoleic acid were found in B. excelsa, where they represented 75 % of the dry mass of seeds. It is worth noting that oleic acid was the major fatty acid in A. parviflora. Few long-chain fatty acids (> 18 C) were found in all species. Arachidic acid (C 20:0 ) was found in A. parviflora, B. excelsa and P. pendula, whereas behenic acid (C 22:0 ) and lignoceric (C 24:0 ) were not found in B. excelsa (table 2) . This is the first time that arachidic acid is reported in B. excelsa native to the Amazon. It is possible that the production of fatty acids is limited to their biosynthesis of up to 18 carbons. Arachidic and behenic acids appear to accumulate in several species of the Parkia genus (Lago et al., 1987; Aiyelaagbe et al., 1996) . B. excelsa storage tissue had significantly greater P, Mg and Zn contents than A. parviflora and H. parviflora storage tissues (table 3), whereas P. pendula had significantly more K and Cu than A. parviflora, B. excelsa and H. parviflora. Only A. parviflora and H. parviflora presented low mineral contents. For B. excelsa, our results are similar to those reported by (Adams, 1975) . However, no references were found regarding the mineral contents of the other four species. 
